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Background: Jeonju has been named by United Nations Educational, Scientiﬁc and Cultural Organization
(UNESCO) as a Creative City of Gastronomy since 2012. The title was awarded based on foods and
traditional culture. Jeonju's homemade food preparation style, which has been passed down for thou-
sands of years, was highly praised. Jeonju bibimbap and kongnamul-gukbap are the representative foods
of Jeonju city. Soybean sprout cultivated locally in the Jeonju region is famous for being one of the “Jeonju
10 delicacies”, and is one of the essential food ingredients in Jeonju bibimbap and kongnamul-gukbap.
This study was conducted to provide basic data on why Jeonju soybean sprout has been famous
nationwide for a long time.
Methods: The analyses of proximate components, minerals, vitamin C content, and sensory evaluation
using quantitative descriptive analysis were conducted on raw soybeans and soybean sprouts cultivated
using groundwater from Jeonju, along with raw domestic soybeans, and Chinese soybeans from other
regions.
Results: Soybean sprouts cultivated with groundwater from the Jeonju region resulted in a sweeter taste
and a more delicious and crunchier texture. It also resulted in a less undesirable ‘beany’ ﬂavor. As a result,
these soybean sprouts are superior overall compared with those grown in other regions regardless of the
fact whether the origin of the raw material was domestic or from China (p < 0.001). Even though the
soybean sprouts cultivated from Chinese soybeans were very good in the overall acceptability, they had a
grassy and bean-like ﬂavor because of a high linolenic acid content.
Conclusion: Soybean sprouts cultivated using Chinese soybeans in Jeonju were better in the overall
acceptability than those grown in other regions because the Jeonju product contained two to three times
less amino acids, such as leucine, tyrosine, and phenylalanine, than the other regional products, which
tasted bitter. The cultivating water may affect the free amino-acid content of soybean sprouts and their
taste.
Copyright © 2015, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Jeonju has been named by United Nations Educational, Scientiﬁc
and Cultural Organization (UNESCO) as a Creative City of
Gastronomy since 2012. The title was awarded based on foods and
traditional culture. Jeonju's homemade food preparation style,
which has been passed down for thousands of years, was highly
praised. Jeonju bibimbap (rice cooked with bean sprouts then top-
ped with 30 different vegetables along with ginkgo, a fried egg,
pine nuts, chestnuts, walnuts, etc.), and kongnamul-gukbaputrition, Wonkwang Research
ty, Iksan-daero 460, Iksan,
titute, Published by Elsevier. This is(soybean sprout soup with rice) are the representative foods of
Jeonju city.
Jeonju is located at the center of Korea's southwestern region
called the Honam Province. A city with a long history and a rich
culture, Jeonju was called Wansan (wan: complete; and san: hill) in
ancient times, however, the name was changed to Jeonju (jeon:
whole; and ju: province) in 754 A.D. and has remained up to now.
The characters wan (完) and jeon (全) in the two names both mean
“whole”.
Because Jeonjuwas one of themost fertile regions of the country
and was famous for its abundant produce called “Jeonju 10 deli-
cacies” due to the presence of good quality water and favorable
geographical conditions, a unique food culture developed. In the
18th century, in his book on geography “Taekriji (擇里志)”, Lee [1]
described Jeolla-do as “a blessed province by God where thingsan open access article under the CC BY-NC-ND license (http://creativecommons.org/
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encompassing mountains, ﬁelds, and the sea”. The importance of
the Jeonju stream in the formation and development process of
Jeonju has been signiﬁcant in providing a bountiful supply of foods
because of the groundwater and fertile ﬁelds; furthermore, during
the Joseon Dynasty, having the largest-sized market among the
markets in Jeolla-do and being the trafﬁc hub within the Honam
Province, Jeonju became the “home of taste” with its bountiful
produce due to the food ingredients from each province being
gathered and distributed.
As one of the 10 delicacies of Jeonju, soybean sprouts are an
indispensable food item as a major ingredient of Jeonju bibimbap
(see the papers in this issue by Chung et al) and kongnamul-gukbap
(Fig. 1) [2], which are the representative local dishes of Jeonju. Even
though the taste of the soybean sprouts themselves are not
particularly remarkable, if you boil them and season themwith salt,
the nutty and tender ﬂavors contribute to a savory ﬂavor. Soybean
sprouts are a side dish that people use at their table three times a
day as a cure remedy for Beriberi, which was endemic in Jeonju in
the past. Although they were grown in all parts of Jeonju city, the
soybean sprouts grown using the spring water of Nokdupo in
Sajeong-gol and Jaman-dong (the current Gyo-dong area in Jeonju)
were regarded as the best nationwide. The soybean sprouts grown
from rat-eyed beans (black bean) cultivated in Imsil (southern part
of Jeonju) are regarded as the best bean sprouts in the country, and
as a result, demonstrate that Jeonju is at the center of the bean
network.
Soybean (Glycine max L.) is a species of legume native to the
northeast regions of China and the Korean peninsula, widely grown
for its edible bean which has numerous uses. It has been cultivated
since 4e5 BC in Korea, and sprouted soybean has been used since
before the Goryeo Dynasty as a common food item because it is
easy to cultivate, affordable, and is available year-round [3]. Soy-
beans are an excellent source of protein, and have been called
“meat grown in a ﬁeld”. They have been at the center of attention as
a health food since it was revealed that they help prevent cancer
and other lifestyle diseases [4]. Amongmany phytochemicals found
in soybeans, isoﬂavone is known to be effective in preventing
various diseases including breast cancer, ovarian cancer, heart
disease, and osteoporosis, while oligosaccharides, which are largely
present in soybeans, help prevent colorectal cancer. The ﬁber in
soybeans is good for the digestive system, and the nonsaturated fat
soybean phospholipids can reduce stroke and dementia. PhyticFig. 1. Representative foods of Jeonju city. (A) Jeonju bibimbap; and (B) Kongnacids detoxify and act as an antioxidant, while asparagines found in
soybean sprouts help cure hangovers. Also, the proteins glycine and
arginine are known to prevent diabetes mellitus by lowering the
level of insulin in the blood.
The major factors that inﬂuence the quantity and quality of
soybean sprouts are the variety of the raw ingredient soybeans, the
cultivating temperature, the temperature of the cultivating water,
the overhead ﬂooding method, the water quality, etc. [5]. It is
thought that the reason why soybean sprouts from Jeonju have
become famous throughout the country is that the weather and the
water quality of Jeonju are favorable for cultivating soybean
sprouts.
As a result, in this research, for us to ﬁnd out whether the soy-
bean sprouts from Jeonju are tastier than those from other regions,
we intend to verify if there is a difference in the sensory charac-
teristics between the soybean sprouts that were cultivated with
domestic soybeans, as well as those of Chinese origin, using the
groundwater of Jeonju and soybean sprouts that were cultivated in
another region. Also, we intend to verify the difference by
measuring the content of the fatty acids and free amino acids that
can inﬂuence the nutritional components and the taste.2. Materials and methods
2.1. Samples
Soybean sprouts were cultivated for 5 days under controlled
conditions using groundwater from Jeonju (Jeollabuk-do, Korea) in
a soybean sprout factory located in the Soyang area near Jeonju
using raw ingredient soybeans purchased from the Jeonju Agri-
cultural Cooperatives, domestic orialtae, jungeori, and rat-eyed
beans produced in Imsil (Jeollabuk-do, Korea), and small-sized
Chinese soybeans. Soybean sprouts cultivated using Chinese soy-
beans from the other regionwere purchased from the hypermarket
to compare the composition and sensory characteristics with those
cultivated using the groundwater of Jeonju.2.2. Proximate analysis
Proximate analysis was conducted according to the Association
of Ofﬁcial Analytical Chemists (AOAC)method [6]. Moisture content
was analyzed using the drying method at 105C, crude ash usingamul-gukbap. Note. From the City of Jeonju. Reprinted with permission.
J Ethn Foods 2015; 2: 84e8986the direct method at 550e600C, crude fat using the Soxhlet
method, and crude protein using semimicro-Kjeldahl method.
2.3. Mineral composition
Portions of approximately 0.5-g samples (dry weight) were
digested with 8 mL concentrated nitric acid in closed PTFE-bombs
at 150C for 6e8 hours. After cooling to room temperature, the
samples were ﬁltered, and demineralized water was added to a
total volume of 50 mL. Analyses were carried out using a Plasma
Quad I ICPMS instrument (VG Elemental, Winsford, UK).
2.4. Vitamin C analysis
Procedures used for the determination of ascorbic acid and
dehydroascorbic acid using high performance liquid chromatog-
raphy were as described by Wright and Kader [7] based on the
method of Zapata and Dufour [8].
2.5. Free amino acid analysis
Analysis of free amino acids was conducted by modifying the
method of Aristoy and Toldra [9]. Freeze-dried samples were
grinded and 1 g was measured accurately. Free amino acids were
extracted with 10 times the amount of distilled water for 1 hour,
and thenwith 16% trichloroacetic acid for 15minutes to remove the
proteinwith gentle agitation at room temperature on a shaker. Each
sample was ﬁltered through Whatman #2 ﬁlter paper, and lipids
were removed with diethyl ether and vacuum concentrated. The
analysis of the concentrates was carried out on an amino acid
analyzer (L-8900: Hitachi, Tokyo, Japan).
2.6. Fatty acid analysis
Fatty acid methyl esters were prepared by the addition of 0.5 mL
of 1M sodium methoxide in methanol and allowed to react for 1.5
hours. The transesteriﬁcation reaction was stopped by the addition
of distilled water. The esters were partitioned from the reaction
mixture by the addition of 1 mL of hexane and placed on a gas
chromatograph (Model-14B) loaded with software Class GC-10
(version-2.00) (Shimadzu, Kyoto, Japan) for approximately 1 hour.
The gas chromatograph was equipped with a ﬂame ionizationTable 1
Sensory Characteristics of Soybean Sprouts Cultivated with Different Cultivars in Jeonju
Sensory characteristics Cultiv
Korean
orialtae Black-eyed bea
Appearance Length 8.32a 7.12b
Width 9.00a 8.02b
Uniformity 7.42a 6.50a
Flavor Beany ﬂavor 6.17a 4.90ab
Grassy ﬂavor 4.28ab 4.45 ab
Sweet taste 3.64a 3.94a
Delicious taste 4.59a 4.96a
Undesirable odor 2.85b 3.32b
After taste 5.96a 5.51a
Texture Chewness 4.97ab 4.15b
Crispiness 6.64a 6.71a
Overall Acceptability 6.31b 5.80c
*p < 0.05.
yp < 0.01.
zp < 0.001.
a, b, c, and d mean that values are signiﬁcantly different using Duncan's multiple rangedetector and a stainless steel column, dimension 10  1/8, packed
with 5 % Diethylene glycol succinate (DEGS) on Chromosorb W
(100/120 mesh) at 190e195C. Nitrogen was used as a carrier gas
with a ﬂow rate of 40 mL/min. Fatty acid ester retention times were
identiﬁed by comparisonwith authentic standards by injecting 1e5
mL of sample at 230e240C.
2.7. Sensory evaluation
Two liters of 0.4% salt water was placed in a pot and heated to
boiling. To this, 200 g of clean washed soybean sprouts were added
and the contents boiled for 3 minutes. This mixture was then used
as a sample for the sensory evaluation. After consulting with10 food
experts in the Jeonju area about the purpose of the experiment, the
sensory characteristics, and the measuring standards, which also
involved training, we conducted the sensory evaluation. Utilizing
the nine points scoring method, we asked them to give a higher
score when the degree of the strength of the appearance, the ﬂavor,
or the texture was stronger, and the overall degree of acceptability
is higher.
2.8. Statistical analysis
A basic statistical analysis was performed for the results of the
chemical analysis of the raw ingredient soybean and cultivated
soybean sprouts. The mean values were analyzed using one-way
analysis of variance (ANOVA) and posthoc analyzed using Dun-
can's multiple range test.
3. Results and discussion
3.1. Sensory characteristics
After evaluating the degree of the strength of the appearance,
the ﬂavor (taste and smell), the texture, and the overall accept-
ability of the soybean sprouts cultivated using the domestic soy-
beans as the raw ingredient, and of the soybean sprouts from
another region using the quantitative descriptive analysis method,
we reported the results in Table 1. For the soybean sprouts culti-
vated in the Jeonju style using the groundwater of Jeonju, there
were no signiﬁcant differences in the overall acceptability regard-
less of the type of raw ingredient soybeans used, however, betweenand in Other Regions.
ated in Jeonju Other
regions
F-value
Chinese Chinese
n jungeori soybean soybean
4.17c 5.97b 6.70b 12.920 z
4.28d 6.84c 3.89d 61.062 z
5.22b 7.32a 4.96b 7.861 z
4.22b 5.07ab 4.86ab 2.479 *
3.86b 5.62a 5.46a 2.733 *
3.45a 3.94a 1.33a 5.594 z
5.35a 5.09a 2.13b 8.217 z
2.55b 3.41b 6.18a 10.139 z
5.56a 5.76a 2.89b 8.270 z
4.37b 5.09ab 5.92a 2.591 *
5.64ab 5.64ab 4.98b 3.686 y
6.57a 6.49b 2.96d 13.146 z
test (p < 0.05).
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gion there was a signiﬁcant difference, revealing the fact that the
Jeonju soybean sprouts are indeed tastier. The Jeonju soybean
sprouts were evaluated as signiﬁcantly better because they had a
stronger sweet taste, a nutty taste, had a less undesirable odor, and
had a crunchy texture (p < 0.001).
It is known among the people who originally cultivated the
Jeonju soybean sprouts using seomoktae (black-rat eye like beans)
from Imsil, that the ‘trick’ is to grow a single root without any
tertiary roots. The roots are soft without any tough texture because
they are uprooted and consumed before they are fully grown, and
they are tastiest when the root length is 5e6 cm. The soybean
sprouts cultivated in Jeonju using the same method showed a
meaningful difference in their appearance according to the raw
ingredient soybeans, and even though orialtae (dug egg like soy-
bean) and seomoktae are long in length and plump (Fig. 2, 3), they
were evaluated as inferior to junjeori; although not to a meaningful
degree in their nutty taste, undesirable odor, smell of freshly cut
grass, ‘beany’ smell, overall acceptability, etc.
The soybeans of Chinese origin were also evaluated as giving off
a scent of freshly cut grass to a meaningful degree, however, in the
case that they were grown using the same method, in the overall
acceptability theywere not different from the soybeans of domestic
origin. Hwang [10], has shown that the content of the active in-
gredients, such as the water ratio, vitamin C content, and isoﬂavone
content increases in soybean sprouts cultivated with carbonatedFig. 2. Soybean sprouts cultivated with Korean domestic raw ingredient so
Fig. 3. Appearance of soybean sprouts cultivated with Korean domestic and Chineswater. As a result, it is thought that the quality of the cultivating
water may create changes in the ingredients that affects the taste of
the soybean sprouts.
According to the result of this experiment, it is thought that the
cultivating region (the water quality of the cultivating water and
the cultivating method) affects the taste much more than the
producing region of the raw ingredient soybeans.
3.2. Proximate components: mineral composition and vitamin C
content
Table 2 shows the results of the proximate analysis of raw
ingredient soybeans and soybean sprouts cultivated using
groundwater from Jeonju and from other regions with Korean and/
or Chinese soybean cultivars.
The soybean sprouts cultivated with the soybeans of domestic
origin using groundwater from Jeonju turned out to have a higher
content of protein, fat, carbohydrate, minerals such as Ca, Mg, K, Fe,
Zn, and vitamin C compared with the soybean sprouts cultivated
with the soybeans of Chinese origin regardless of the cultivating
region. Collins and Sand [11], found that the soybean sprouts are an
excellent nutritious food whose content of protein, vitamin A,
vitamin C, and cellulose increases and whose digestion rate in-
creases due to the breakdown of oligosaccharides into mono-
saccharides while the fat content decreases compared with that of
raw ingredient soybeans during the germination process ofybeans. (A) Orialtae; (B) rat-eyed bean (black bean); and (C) Jungeori.
e raw ingredient soybeans using groundwater from Jeonju and another region.
Table 2
Proximate Components, Minerals, and Vitamin C Content of Soybean Sprouts and
Raw Ingredient Soybeans.
Soybean sprout Raw ingredient
soybean
Cultivated in
Jeonju
In other
region
Korean
Jungeori
Chinese
soybean
Korean
Jungeori
Chinese
soybean
Chinese
soybean
Moisture (g) 85.44 88.06 89.66 12.37 10.84
Protein (g) 6.17 5.29 4.47 31.38 33.64
Lipids (g) 1.55 0.89 0.88 11.41 7.02
Carbohydrate (g) 6.01 5.54 4.45 39.84 44.23
Ash (g) 0.83 0.22 0.54 5.00 4.27
Ca (mg) 64.5 32.7 73.0 384.0 181.4
P (mg) 15.0 13.9 24.9 15.65 15.79
Fe (mg) 0.91 0.46 0.47 5.94 6.25
Na (mg) 2.66 2.25 3.66 3.48 0.86
K (mg) 340 210 190 1820 1590
Mg (mg) 47.9 34.1 17.6 259.6 208.1
Zn (mg) 0.66 0.43 0.47 3.50 3.51
Vitamin C (mg) 0.7 0.4 0.1 3.7 1.1
Table 3
Free Amino Acid Content of Soybean Sprouts and Raw Ingredient Soybeans.
mg amino acid/100g Soybean sprout Raw ingredient
soybean
Cultivated in
Jeonju
In other
region
Korean
Jungeori
Chinese
soybean
Korean
Jungeori
Chinese
soybean
Chinese
soybean
Aspartic acid 3.80 3.80 2.40 1.25 0.70
Threonine 0.00 0.00 0.00 0.00 0.11
Glutamic acid 0.00 0.00 2.10 1.67 0.49
Glycine 0.60 0.70 2.10 0.22 0.12
Alanine 4.10 5.20 10.0 0.80 0.32
Cysteine 0.70 0.80 0.90 0.26 0.18
Valine 2.60 5.90 8.70 0.16 0.10
Methionine 0.40 0.60 0.90 0.09 0.05
Isoleucine 1.80 3.80 5.60 0.10 0.07
Leucine 1.10 2.40 4.40 0.18 0.10
Tyrosine 0.90 0.80 2.20 0.16 0.11
Phenylalanine 3.70 8.50 12.4 0.67 0.36
Lysine 2.30 3.80 4.90 0.31 0.21
Histidine 5.60 7.20 8.0 0.57 0.14
Arginine 12.1 15.1 19.5 8.69 4.60
Total free aa 39.7 58.6 83.9 15.1 7.66
Table 4
Fatty Acid Content of Soybean Sprouts and Raw Ingredient Soybeans.
g/100g fatty acid Soybean sprout Raw ingredient
soybean
Cultivated in
Jeonju
In other
region
Korean
Jungeori
Chinese
soybean
Korean
Jungeori
Chinese
soybean
Chinese
soybean
Myristic acid (14:0) 0.10 0.10 0.09 0.03 0.01
Palmitic acid (16:0) 13.52 14.15 12.26 11.45 10.95
Palmitoleic acid (16:1) 0.15 <0.01 0.15 0.23 0.02
Stearic acid (18:0) 3.96 4.47 4.06 3.57 3.72
Oleic acid (18:1) 19.49 17.75 17.33 19.00 17.80
Linoleic acid (18:2) 47.12 51.23 54.11 54.35 55.24
Linolenic acid (18:3) 5.70 8.14 8.81 7.52 9.38
Arachidic acid (20:0) 0.44 0.52 0.38 0.30 0.27
Eicosenoic acid (20:1) 0.14 <0.01 0.11 0.03 0.01
Behenic acid (22:0) 0.52 0.58 0.58 0.32 0.38
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thiamine (vitamin B1) and three to ﬁve times the content of ribo-
ﬂavin compared with the raw ingredient soybeans. In Jeonju, it is
told that to prevent the vomiting of blood due to distoma, which is
an endemic disease, or to prevent beriberi, people ate soybean
sprouts rich in vitamin B-complex as a side dish three times a day
with their meals [12].
Park et al [13] analyzed the national nutrition survey data of
1993 to look intowhich foods provided vitamins to people in Korea,
and concluded that soybean sprouts were consumed as an
everyday food where the soybean sprouts ranked fourth among the
thiamine-supplying foods and 10th among riboﬂavin-supplying
foods. This explains why the people in Jeonju loved soybean
sprouts as an everyday food in the old days.
3.3. Free amino acids
It is said that as the raw ingredient soybeans germinate and
become soybean sprouts, the amino acids change in composition
and generally increase in content [14]. In this experiment, leucine,
tyrosine, phenylalanine, etc., which are known especially as free
amino acids producing a bitter taste, are thought to have inﬂuences
on the undesirable odor of the soybean sprouts due to its two to
three times higher content in other region's soybean sprouts than
in the Jeonju soybean sprouts (Table 3).
3.4. Fatty acids
According to the analysis of the fatty acids, for the linolenic acid
content of the soybean sprouts cultivated with the soybeans of
Chinese origin, the soybean sprouts from Jeonju had a content of
8.14%, whereas the soybean sprouts from another region had a
content of 8.81%. The linolenic acid content of the soybean sprouts
cultivated using the junjeori soybeans was 5.70% (Table 4). From the
fact that the content of linolenic acid, which is thought to be the
source of the change of scent such as the ‘beany’ smell or the smell
of freshly cut grass, turned out to be signiﬁcantly high, it is pre-
sumed that there is a relationship between the content of linolenic
acid in soybean sprouts and the smell of freshly cut grass from
soybean sprouts (Table 4). As a result, it is natural that the sensory
characteristics of the soybean sprouts produced in Jeonju cultivated
with the soybeans of domestic origin turned out to be more
outstanding.4. Conclusion
In order to investigate whether the taste of bean sprouts locally
cultivated using the groundwater of Jeonju is actually outstanding
compared with that of other regions, the analyses of various nu-
trients, fatty acids, and free amino-acid contents were conducted in
raw soybeans and soybean sprouts cultivated using groundwater
from Jeonju, along with raw domestic soybeans and Chinese soy-
beans from other regions. From the results of this study, we
concluded that the taste of bean sprouts is inﬂuenced more by the
quality of the cultivation water rather than that of the raw beans.
This explains why the bean sprouts in the Jeonju region are famous
nationwide and regarded as one of the “Jeonju 10 delicacies”.
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